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n E 7 0 of the Sextant is one f xth of the circumference of a Circle, which | 
is 60 Degrees. 


Ihe Arch of an Odant is one eighth of the circumference of'a circle vieh is 
45 Degreeds..;;-/. - 


Ry the "ATI of Omies, the Image of any object whim ſeen in FR 8 re- 
flection, appears to be fixed, although the inſtrument be in motion at the * 
time; and by moving the index on the Arch 45 Degrees, or the 8th of a Citcle's 
circumference, it will meaſure its double, or o Degrees; and the like of any other num 
ber of Degrees Therefore, the Sextant's Arch will, from the ſame cauſe, meaſure 


the angular Diſtantes of Odjects 120 Degrees, and make the i image of one of them 
appear to coincide with eee object. 


The method of uſing the Octant and the Sextant vids kane and theſe nflranient? 


5 are equally uſe ful in meaſuring altitudes; but in takingthe diſtance between the Sun and 
the Moon, or the Moon and Stars, when their diſtance exceeds 9, the Sextant eee 


- be uſed; by which the longitude of a ſhip/at Sea may be aſcertained, and in man 
cireumſtances when leſs diſtances than 1h5ſe which exceed go cannot be obſerved. 
By the uſe of this admirable inſtrument and the many opportunities for ade 


which ſo frequently offer, the longitude may be determined 0 the great eee 
of thoſe concerned in the navigating of ſnips. 


The finding the latitude and longitude ar ſea 10 of the uenio conſequence, par- : 


3 ticularly when the Commander of a ſhip wants to make a Channel, Bay, Ca 


or the like, and to determine which, in bad weather, requires" the Skill of the 
; beſt and moſt able artiſt; 


The firſt and principal ming ü is to detesegg the latitude; and the ſecond to detet- 


5 wine the Longitude. There are ſeveral methods to obtam each of them "mink the 7 


Latitude Obſervations-are-much, the more certain and uſeful _ 


Mere the ſeveral methods more generally known and praciſed than they are they: 

would be the certain Means of ſecuring from danger ; Lives, Ships and Cargoes, 

Fog which, through the want of chis knowledge, they too commonly are expoſed. 1 
To ſet the fare Obſervati ion, or r Objea-Glaſ,, perpendicular tothe Plane of the — | 


Take the perpendieulat Diſtance between the Plane of the Frame, and that Part of i 
ORIG, nieht is bet een the e and the ee Part; 


et 
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ſet that Diſtance above the Plane, on the Eye -vane, and mark it fo that 
you may ſee it by Reflexion through the Hole, in the Eye- Vane upon the Object- 
Glaſs.—You muſt take the Finger Screw. out of the Lever of the Object Glaſs, and 
then turn the Glaſs by the Lever and Nut, 'till the Plane of that Glaſs be parallel 
to the Eye, and you will then ſee the Reflevion of your Eye, as alſo that of the Mark by 
the Eye-hole, and the Eye-hole of the Eye-vane, and then obſerve whether the Re. 
flexion of the Mark be reflected from that part of the Glaſs above or below the Line 
of coincidence of the open, and the refl- tive Part; If either be the Caſe, you muſt. 
adjuſt it by turning the Screws which are in the Front and Tail of 
its Frame, till the marked Part be reflected from its parallel Part in the Objedt- 
| Glaſs, which will be done when the Glaſs is Perper dicular or nearly ſo, CLE 


= Set the Index-Glafs . parallel 10 the Object. Glaſs, and perpendicular to the Plane of 
1 1 Iuſtrument; and to Adjuſt the Object Glaſs, 


Set the Index to (o) that is, its fiducial Line, on the Nonius, where the Miputes 
of it begin, to the beginning of Degrees on the Limb, or Arch of the In- 
ſtrument; then look through the Eye-Vane and Object-Glaſs at the edge of the 
Sea, and turn the Object-Glaſs by its Nut and Lever, or by the Finger-ſcrew, till 
you make the reflected edge of the Sea appear on the quickfilvered Part of the 
_ Objea-Glafs, and the Horizon, ſeen through the open Part, to be coincident, or to be in 
one and the ſame Line; then ſcrew down the Lever by the Finger- Screw, 
and the Sextant or Octant will be horizontally adjuſted : The next thing is 
to adjuſt its vertical Poſition; on Shore, it may be done by looking through 
the Eye-Vane and ObjeA-Glaſs at an erect Pole, the corner of a Building, or the 
| like at a conſiderable Diſtance, which, ſuppoſe at one-fourth, or half a Mile from 
| you, and if the Object and its Image do not coincide, you muſt make them, by 
turning the Screws in the Front and Tail of the Frame of the Index-Glaſs, This 
adjuſtmenr may be made on board a Ship by looking at the Topmaſt or Top-gallant= 
maſt, or by holding the Plane of the Inſtrument parallel to the Horizon, and then 
making the real and reflect :d edges of the Horizon coincide, But the beit method of 
_ adjuſtment, for both the Vertical and Horizontal poſitions, is by the Sun; Thus with 
a Sextant which has a dark Glaſs that turns upon a Screw over the Hole of the Eye- 
Voane, occaſionally; by looking through it at the Sun, you may adjuſt both Poſi- 
„„ tins by e %% op Er ET SITE We LE Lo ons 
Too adjuſt it in the beſt Manner poſſible; put the Teleſcope with its dark Glaſs 
into the Eye- Vane, looſen the Screw of the Lever of the Object-Glaſs; ſet the In- 
dex to (o) and ſcrew it faſt, then look through the Teleſcope and through the 
Object-Glaſs at the Sun when it is Ten, Twenty, or more Degrees high; and 
make good the horizontal Adjuſtment, by the Finger- ſcrew of the Objet-Glaſs, 
3 made for that purpoſe, then inake the Vertical Adjuſtment by the Screws of the In- 
8 dex and Object-Glaſſes, repeat theſe adjuſtments till Ke 6 one true Face of the 
” Sun can be ſeen, and no Part of the Image, as it muſt coincide with the real Face 
WE - of the Sun, by which the adjuſtment may be made to one-third of a Minute, or 
1 leſs. The Teleſcope is of great ſervice in this Adjuſtment _ 1 
Vote, T he Edge of the ſea, and the horizon denote the ſamne. 


1 
Of th ARCH of the Sextant. Tio, 

I be Arch is divided into 120 equal Parts or Degrees, with five or ſix Degrees 
over for the numbering of the Nonius ; “ and it is numbered 5, 10, 15, 20, &c, to 
120, or 125 Degrees ; theſe Degrees are ſubdivided, ſome into two, others into 
three, and others into four equal Parts, according to the Radius of the Inſtrument 
In general the Degrees are divided into three Parts, each being 20 minutes; there is 
an Index which moves on the Center of the Arch with a Glaſs fixed over it's Center; 

the index has a Vernier, or Nonius Diviſion on it's Arch, which is made to 
| flide over or againſt the Diviſions of the Aich, in order to divide the Arch 
into ſingle Minutes of a Degree; thus the Grand Diviſions being Degrees, 
and the Subdiviſions twenty Minutes each; the twenty Diviſions on the No- 
nius muſt either be equal to 19 or 2 of the Arch: If 20 on the Nonius be e- 
qual to 21 common Diviſions on the Arch, the Nonius muſt be reckoned the con- 
_ trary way to the numbers on the Arch. And wbrn the Fiducial line cuts the firſt 
_ Diviſion on the L mb; the ſecond Line on the Nonius is one Minute from the ſe- 
cond Diviſion on th: Limb; the third on the Nonius is 2' from the third on the 
Limb, and ſo on: And univerſel'y, when the Divifions on the Nonius are greater 
than thoſe on the Arch, they muſt be reckoned the.contrary way; but when they are 
leſs than the Diviſions on the Arch, they muſt be reckoned the ſame way: And they 
muſt always be reckoned from the Diviſion on the Index, which denotes the Fidu- 
cia], or Firſt Line; this Line, in general, is made in the middle of the Nonius 
F Diviſions, from which the other Diviſions are to be reckoned, t, 2,07, Ke. to 10; 
and if none of theſe ſtand over or againſt a Diviſion of the Arch, look at the other 
end of the Nonius at 10, and reckon till you ſ-e a Diviſion of the Nonius ſtand in 
the ſameline of direction with a line of diviſion on the Arch; theſe Minutes added 
to thoſe on the Arch, cut by the Fiducial line, over and-beſides the Degrees, will 
be the Angle made or cut by the Index. VVV) 
NMote i. If 20 Diviſions on the Nonius, be equal to 21 on the Arch, then the ſpace 
between each Diviſion on the Nonius is Zʒth more than the ſpace of each Subdivi- 
ſion on the Arch: and becauſe the ſpace of one Diviſion on the Arch repreſents 20 
Minutes, the ſpace of one Diviſion on the Nonius muſt be 21 Minutes, that is one 
Minute more; conſequently, the Firſt Diviſion from the Fiducial Line will be One 
Minute, the Second I'wo Minutes, the Third Three Minutes, and ſo on; and by 
this method a well divided Limb and Nonius, may be truly reckoned: And if the 


Nonius be juſtly divided, you may by it examine the truth of the Arch or Limb, — 
from o to 120; which it the beſt proof of the Accuracy of the Diviſions. | — 
Note 2. If 20 Divifions on the Nonius be equal to 19 on the Limb, then each Di- "NY 

Z vikonon the Nonius is Z th leſs than thoſe on he Limb, conſequently the index muſt be - ..- 
moved One Minute towards the left, before the Firſt diviſion coincides with that ou = 


the Limb; and One Minute more to the Second on the Limb, and One Minute 
more for the Third on the Nonius to coincide with the Third Diviſio on the Limb; 
which is Three Minutes, and ſo on to Four Minutes, Five Minutes, &c, mo. 
Note 3. If the Graduations, or Lines of Diviſion be ſtrong, the Nonius Lines may 
cut three or four of them on the Limb at once, which will make the counting off 9 
EE oe / 3 5 doubtful; 4 
At theſe extreme Divifons. 5 4 | 
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( 4) ; 
doubtful; when this is the caſe, take the middle Diviſion of them for the Minutes fought. 


From what has been ſaid, it may be remarked, that the Minutes of the Nonius, 
muſt be added to the Degrees cut by the Index, and the Subdiviſions of 20, or 


40 Minutes. which will be the true An ular Diſtance required. 


* 


Note 4. The Sextants which ate made in the belt manner, are made of Braſs, with 


edpe bars, and of 12, 14, 15 and 16 inches Radius, and f'me more; the price 12 
Guineas: But thoſe made of Braſs, 12 inches Radius, without edge bars, of a new 


Conſtruction, the price 6 Guineas, and 8 Guineas the moſt complete, with fine Di- 


viſions, ſo that the Nonius will never cut two Diviſions on the Arch at once, but 
it may.ſtand ſo as nearly to coincide with two and then the z minute may be rec- 
1 


Theſe ſine graduations require a glaſs to be uſed to read off the true quan- 
tity cut by the index. | _ ing Won 


Note 5. The Vernier, whoſe fiducial line is at one end, and its Diviſions conti- 
nued, is much better than thofe which break off and begin again, becauſe 3 or 4 
Diviſions muſt or ought to be looked at, ſo as to determine the true quantity cut by 


T0 find the Number of Minutes or feconds, that a Nonius will divide an Aich into, | 


_ Thus, Divide the Number of the Minutes contained between each Diviſion on the 
Arch, by the number of Diviſions on the Nonius * (the fidueial Line excepted.) 
Suppoſe the Arch divided only into Degrees, then a Nonius, with 15 Diviſions, will 
ſhew each 4 Minutes, ff.. VV 
A Nonius with 20 Diviſions will ſkew each 2 Minutes. 


- 


A Nonius with 30 ditto will ſhew each 2 ditto, 


If the Arch be divided into each 20% then a Nonius with 20 gives each Minute, 
- and Nen with: go each e dd. 88 
If the Arch be divided into & Degrees, or 15 Minutes each, then a Nonius with 

15 Diviſions, will ſhew each minute; with go Diviſions it will ſhew each half Mi- 
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Note 6. When you obſerve with the Teleſcope in the Eye-vane, you muſt be very 2 
careful to ſlide the Eye- tube of it in and out, till you can ſee the Limb of the Moon 3 
the cleareſt and beſt defined poſſible; otherwiſe you will certainly make an Errorin © 
obſerving Diſtances of the Sun, or a Star, at the Limb of the Moon. „„ 7 
Note 7. When you obſerve Altitudes, hold the Sextant upright with its Arch 
downwards, and look at the Viſible Horizon, or apparent edge of the Sea, through - 
the Eye-vane and the Object glaſs, and in the direction of the Vertical or Azimuth, 
the Object is in; then moye the Index ſrom you, till you ſee the Image of the Ob- 
ject through the open part of the Glaſs, appear with its upper or lower Limb to join 
the Sea; and then lean your Inſtrument towards the right and towards the left, and 
you will ſee the Object appear to deſcribe the Arch of a Circle, and when the Plane 
of the Inſtrument is perpendicular to the Horizon, the Image will appear to be tne 
| lowelt, and in that poſition only the Object and Horizon ſhould appear to join; on 
'S both ſides of this Vertical Poſition, the Image will appear to riſe above the "Pa 
66-45 We TG bid ⁰̃D p i gs WW rnb 
_ Note, There are three Dark Glaſſes, which are to be uſed as Occaſion requires. 
When the Object is too bright for the eye, either one or any two of them, may be 
An Arch divided into each 10“, with a Nonius which contains 30 Diviſions; will 
mew each 20”; EN „%% ns DES oY VILONS, | 
„„ Thus, With zo) 107 or 600“ (20“ each 
with 40) —— 500 (15” each 
with G0) —— 600 (io” each = 


5 part. 


| + 8 | 

put down, ſo. that the rays which puſh from the Index Speculum to the Ob; ecl - 
glaſs, may paſs through one or two of them, When you obſerve the Diſtance of the 
Moon from the Sun or Star, put down one or two of the Dark Glaſſes, ſo as te make 
the more luminous Object to appear as near as poſſible, of the ſame luſtre with the o- 
ther Object, but not to make it leſs luminous than the other, becauſe the want of 
light will make the Obſervation doubtful, and generally erronious, 

Suppoſe the Meridian Altitude of the Sun's lower edge obſerved 61 20'S. the upper a 
88 619 53 8. when the Declination was 179 15 N. what is the Latitude 1 


1. Tab. 2. p. 6. se offers Companion. 


5 L. L. Denotes the Lower Limb of the Sun, and U. L. its Upper. P. D. Polar 
_ Diſtance. Z. D. Zenith Diſtance, 2 


To the Alt. of L. L. 619 20 Apt. Alt. 517 
Add for 2 : Diam. Dip. and Refract, 4 TY 3 . 205 for # 2 Diam. 16 
True Altitute by obſervation, 3 7 314 8. 322 „ - "= - 
Ten. Diſt. 28 2818. 5 5 3122 — 
Declin. 17 15 N. —— Sum 20 
5 Mean 61 321 — 
By book as above, p. 14. Lat. 4 Tax, | >" — 


wr — — — 


s. 2. Suppoſe Merid, Alt. of L. | of 5 26” 
e of U. L. 47 oo 


© 8 centre 46 43 2 
Len Diſt. 43 17 N. 
Declin. 17 23 N. 


Lat. 25: 54 8. 


7 Obferue the Altitude of a Star. 


Bring the Index to o, and look through the Eye-vane andthe Object glas, at the” 
Star, and if the Star be faint, or of the ſecond or third agnitude, move the Sextant 
towards the left, till you ſee it reflected from tne dpeculum part of the Glaſs, and then 
move the Index by your left hand gradually from you, and lower the direction of your 

view, and you will ſee the image of the Star, which you muſt endeavour to keep on 
that part of the Glaſs, till you have brougny. it down to the ane that is, to "p< : 
| pear in aline with it. 
In bringing the image offs Star down, which ap little luſtre, or thoſe which had 5 
great altitudes, I uſed to turn the Eye vane edge-ways, and look over the Vane with. 
both eyes open, and when I had got the image of the Star near the Horizon, it 
would appear faint, notwithſtanding which J could by this. means generally ſee 
when the Image was in a line of coincidence with the Horizon. 
. B. In the eye-vane of ſome Sextants and Octants, there are two ſight-holes, 
the lower one is adapted for the Speculum part of the Obj ject-glaſs, and the upper 
hole to the open part of the glaſs: But ſome of theſe >; „ 4 have only one 
ſight hole which is adapted to the open part: of the Gals, N to the Speculum 


oO 


J 


06 | 5 


„ the Ss of making. Obſervation for determining th ter tude al ea. 


ö 
i . IJBy the Nautical Ephemeris you may ſee the proper times for ob'erving the diflance 
18 of the Sun and Moon, alſo for the Moon and Stars, with their computed diſtance 
Wt for each month, day, and for every three hours of the day. Having well adjuſted 
1 your Sextant, and by the Ephemeris having found the diſtance of the objects nearly, 
|| | that is within 20 or 300, ſet the index to that diſtance, and ovſerve, 
If the Sun be weſt of the Moon, or the Moon weſt of the Star, then the Sextant: 
muſt be held in poſition of the plane paſſing through the objects to be obſerved, with 
its head towards the Weſt, its Arch towards the Eaſt, and its face upwards ; ; and that 
jf the objects be not above 45 or 50% high, you may ſtand lo as to look through the 
Eye-vane and Object-glaſs, at the leſs luminous object, (whether Moon or Star) and 
move the Sextant as you do when obſerving an Altitude, till you ſee the image of the 
other object in the open part of the Glaſs and then move the index by its aſſiſtant 
finger ſcrew, till you make the coincidence of the edges of the objects. 
When theſe objects are very bigh, it will be the eaheſt and beſt method to lay your- 
ſelf down upon the deck with ſomething under yonr head and ſhoulders, lo as to 
ive you a gvcd poſition z3 by which you will find great advantage, . 
Some Sextants heve handles to hold them by, fixed acroſs trom ſide to fide; in 
many poſitions the handle will be of no ſervice, as you will ſoon find by holding it, 
your arm will be cramped, which will oblige you to deſiſt, and to try ſome other 
method. I have found that the beſt method is to hold it with your right hand by the 
| braſs foot, which is fixed under its head in ſome ſextants; and your left hand ap- 
plied to the arch, and the index affiſtant-ſcrew, you will find it my to | — 5 
the arch end, by the head of that aſſiſtant ſcrew, . 
Nete, When the luminous object is Eaſt of the Og them. you 1 turn the 
| Hee or foreſide of the Sextant downwards, by applying your right hand to the arch 
and the aſſiſtant ſcrew, and your left hand at the upper part of the bead. © 
Remark, That it frequently happens when the index is move! 30, 40, or 500 
or more on the arch, that the index - glaſs loſes its perpendicular poſition, by which 
kak both the object and its image will appear, and when this happens the obſervation will 
[8 be defective. The method of adjuſtment and rectification will be ſhewn in a future 
| publication, as will alſo the defects and reClification of the ene, PE 


7 n the Yea ear 1 7 61 1 made the following Olfervations 


„ February 4 in the Prinze Hoary Indiaman, 1 obſerved 
Wh The Meridian Altitude of the L. L. O © 79. * 
1 5 "RY s x Diam, and Gp: Me 
ln Lich eb Merid. Alt. oh 79 4d h 
rs 5 8 D. or Zenith diſt. 10 20 a. 
++ | Vecliy.. 10 20 8. 
Lat. o o 
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In the ſecond Part of the Sea Officers Companion. 
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1 5. . On board the Oxſord Indiaman I obſerved the gun! in my Ze- 
nith, which gave ne .nuch pleaſure; my obſerving, what I wiſhed for the foregoing 
day, the great velocity of -the Sun in Azimuth, when it was near the Meridian. 
The Day wherein J hoped to ſee the Sun paſs the Zenith was remarkably fine, 
with a moderate gale, by which we made about four knots, or four miles an hour, 
the weather warm but not hot, which generally is the caſe, wheie the ſun paſſes | 


| their Zenith at Sea. 


About eleven took my Octant, and went upon the poop, and ſtood where my 


horizon was 5* depreſſed. I tried the adjuſtments of the octant, which being right, 
I took the altitude of the ſun, and at imall intervals of time I repeated taking its 


altitudes and fo continued, as the ſun increaſed in altitude 15 in 1“ of time, till 1 had _ 
got 88“ altitude, I then obſerved continually in order to keep the coincidence of the 
horizon and Sun's image, as near as poſſible, by moving the Index gradually, and 


keeping the Octant in a vertical pofilion, by which, and moving myſelf towards the 
Tight and towards the left, I ſoon found which way the Sun tended, 


In order to find whether the ſun moved in azimuth towards the meridian, « on the - 
North or South of my Zenith, at about half a minute before noon, I found it in- 


clined towards the South 1 therefore moved myſelf towards the right, turning 
round on my leſt heel, till I had made about one-third of a revolution; being then 
fully ſatisfied that | had got the true meridian altitude; I then turned round to obſerve _ 
| to the Northward, when J found the Norch edge of the ſun' 8 W to >. Appear more. 
than half its diameter above the horizon. 


The merid. alt. of the O's L. L. was 89 41 8. 
+ xz diam 26% —57 the dip. i is . 


— — 


True a mer. alt. obſerved. 5 5 52 


Ze, Diſt. o 8 8. 
Decl. | 16 32 N. 


Lat, in 17 0 N. 


The ro nt of the ſurface of the fun, which palſed the Zenith was 80 N. from its 


center; therefore the ſouthern edge, when upon the meridian, was 16 nearer the ho- 
rizon, than the northern edge or limb was to the North horizon. 


Remark, That the nicety of theſe kind of Obſervations requires both judgment and 5 


care in 5 them, W a en conſiderable e error RTF be made. 
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4 Ti able to turn Time into Degrees, Minutes and Seconds of the 3 
© » Longitude of the Equator into Time, 
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Time 114 Table of the appt. Increaſe of 
— || the Semi diameter of the 
Moon at diff Altitudes. 
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4 | ENG provided wich 2 SO Ogant or Sextant, which bas a T cſeſcope and 
l Moon Glaſles, os wt to darken the Moon's Light, ſo as to make it nearly 
4 equal with that of the Star, by which the Diftance is to be taken at the Limb 
= of the Moon, or in Contact with her full Limb, by Reflection. 7 
= 3} have not ſeen one of thoſe Inſtrumeats, out of the great Number of tbe many 3 
= different Makers, that was complete in that reſpect. 
I. The many different Circumſtances which bappen reſpeing theſe Obſervations, 
and the Yifferent Degrees of Light of the Moon and the Stars; by which many Ob- 
= ſc rvations prove abortive, I have, by repeated Trials, at laſt, got over this Obſtacle, 
b 2. There is another Impediment; which is, the Light of the Moon that falls on 
the Eye, when you are obſerving the Diſtance of her from Stars that do not exceed 
50 5 This Imperſection J have alſo taken off, or provided againſt. 1 =D 
= t frequently happens, that the Diſtance of: the Moon and Star can be oblerved: 
6: * neither the Altitude of the Moon or Star can be taken; in which caſe, the Time : 
being well aſcertained, their Altitudes may be computed, _ 
= Totind the apparent Time of an Obſervation, is a material Circumſtance ; ; and it 
= frequently happens that you muſt u uſt to the going of ycur Watch for ſome Hours be- e 
fore or after the T ime that you obſerve the Diſtance ; - Gipecially 1 in the Night, when 
*Y you obſerve the Diſtance of the Moon and Star, 


The proper Times of the Day for taking the Altitudes of the Sin in order to find FD 
the true T ime very near, is in the Fore or Aſternoon, when the Bearing of the San 
is between five and eight Points from the Meridian, and the nearer to the prime W, 
_ -of Eaſt and Welt, the better z becauſe in theſe Poſitions he rites and Falls the 
gue! elt. | 
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Moon, take the Difference between the Paral 


the Remainder will be her apparent Altitude; bet to the true Altitude of the Lan or n i 
Star, add the RefraQiou ; the Sum will be the ap] | 


The Methcd is to take two orithree Algitudey of the Sun, and to note the Times. 
Theſe Altitudes ſhould be taken at two, three or four Minutes aſter each other; then 
take the Mean. To take the Mean, is to add the Hours, Minutes and Seconds to- 


0 80 and to divide the Sum by the Number of the Times of Obſervations; the 


eſult will be the Mean or Mi idie Pime: and the like of Al. i: uon and. Diſtances; 
then cmpute the Time by the following general Canon 5 

From half the Sum of the Co. lat. polar Diltance and Epi, te he Cota, and 
polar Diſtance ſeparately, and not: the Remainders; then to the Sine Co-ar. of the 
Co-lat, and polar Diſtance, add the Sines of the two Remainders; the half of the 


ua of thele Sines will be the Sine of half che Angle of the Time before or aſter 
Noon. 


At the Tia the Diſtance of the Sun and Moon! is obſerved, their Altitudes 0 5 
generally taken by two Aſſiſtants, and there ſhould be three or feht Altitudes of each 
taken and as many Diſtances at the ſame Times ; and theſe Obſer vations ſhould be 


made at four, five or ſix Minutes oP each o:hei ; then reduce the ſeveral Times, the 
Akitudes of the Moon ana then 
|  Oblervation of Time, one Altitude of each Ob ject, and one Diſtance, by finding the 
Mean of each; and then reduce the mean Time of the Obſervation by the Watch, 


to the true Time of the Obſervation, by * or e . the Watch was 
too fait or too flow | 


of the Sun or Sar: as alſo the Diſtances into ons 


DT calculate the Aiitude 7 the dun, Mom or Star.” PE 5 
* Having given the Uta of the Flake; the Detlination! and the Time, the Ala. 


LD tude may be found as follows: 


Ni, For the Altitude of the Stn Bede de 8 Hours, Minatcs and Sada of 


Tas before or afier Noon, into DeFrees, Minutes and Seconds, which will be the 
Angle ef Time. Thus, the Minutes of Time divided by A give Degrees; and 
the Seconds of Time divided by 4, give Minutes; and if 1, 2 or 3 Miautes or Seconds 
_ remain, they will produce 15, 20, or 45 Minutes or'Seconds for the angle of Time: 

For 1 Hour of Time e with 4 Ly of terreftrial Motion of the Equator, 


| General Canons for hunt he Fitudy 7 of the Sur, 2 an 4 Ser 5 


8 


'J; K es of the angle of Tim Zet of the Latitude : f the t, of the ach are. 
From the polar Diſtarce take the ach arc, and the 5th arc will remain, 
2. cs, 4th arc: cs, Sth arc: : s, Vat, * *s, truSalts From the true Altitude of * 
Wot. her Altitude and the Refraction, 


rent Altitude, _ 
Note, When the Altitude of a Star i is'to be a the firſt Thing to be done is to 


Hfind.its right Aſcenſion at the Time of the Obſery tion. The following Table ſheus 


the right Aſcenſion and Declinatioa of ſuch Stars as ale uſed 1 in the Obſervations for 
determiniig we Longitude at Sea. 1 | 


þ * , — * 


1 i x 


| 25 


wank rh a Ad t "Ta. Fam Mem. 31 * Annual 
8 I. 177 ; | fon in Peg. | in Time. Var. Far. 
| Deg. mi. ſec. H. m. . Sec. D. m. J. Hee. g 
24 ien the yth * in Aties 28 37 59 | 1 54 0 3.337 22 23 23.6 [4 17.64 


maj 2. Aldlebaran, the 8. eye of 2 65 4.5 28 1 > 35 427 16 2 24.7 ＋ 8.32 | 1 
7 yy Pollux, the Southern Twin 112 53 8 5 31 321 3.75128 33 7.39] —7. 72 
4. Regulus, or Cor. Leonis [149 5 42 9 56 23 3.24013 3 322 —7.17 

2 Spica Virginis 1198 20 33.2 13 13 22.2] 3-151! 9 58 488 [18.97 


_ Ant tares, Cor. Scorp 10 5 SE 54 44.7 7 8 15 39 "= 661 25 54 47-4 48.89 * 


. Atair. mid. of W 294 56 $3: 4 19 39 47.6! 2.903 $1711 [8.40 
3. ,Capric. or Capricotni 301 59 16 175 7 57. 3.353 15 29 Foz. 10.60 
. Fomalhaut | 3. 328635 48 29.4 18.97 


* 1341 17 Al. 22 45. 10.7 
; 10. 2 Mackab * 13 59 5+_ — 20 


INS 23 33-7 22:53 34-2 


Le tb ang, of 157% e 1 the Meridia the Star is upon at the Time Cl 
j 4% „ Oder vation and the Meridian of the Pla. 


— 


From the right Ants of the Star take the right Afſcraſien of the Sun at the | 
ane of the Obſervation (adding 24 h. to: the Star's right Aſcenſion when it is leſs 
= Sun's,) the Remainder will be the Time of the Star's Paſſage over the Me- 
Tidian, from which take the Time of Obſervation ; or from the Time of Obſervation | 
take the Time of the Star's Paſſage over the Meridian, and the Difference will be the | 
Time the Meridian of the Star, is to or from the Meridian of the Place; which con-„ l 

vert into Degrees, &e | f 
1. Remark 1. The Times of Obſervations made in the Torenoon, are to de reckoned — 
1 the Noon of the foregbing Day, ä 
22. When the Place of Orme, is ſu poſed « or aTimed to be Faſt of the Meri- „ 

dian of Greenwich; then, ſrom the Time of Obſervation, ſubtract 4 Minutes of 

Time for each Degree of Longituie; but for Weſt Longitude add, and you will 
have the Time at Greenwich; to which Meridian the Tables of Time, Ri-aſcen- 
ſion and Declination, and the Di ſtances of the Sun, Moon, and Stars are calculated. 
3. When the Time of Obſervation is greater than that of the Paſſage of the Star 
1 85 ovy the Meridian, the Star has paſſed the Meridian 3 3 but when it 18 leſs, it has not ö 

paſſed — 
oi 4. To make 211 Obſervations of the diftances of the moon 0 4 at the „ i 
limb of the moon from change to full; but after full moon, make them on the eaſt 
limb, or on the leſt ſide of her. 455 
5. When a teleſcope is uſed which inverts, you mult obſerve the ſtar on the con- 
tracy fide to. appearance without the Teleſcope. 
6. From change to full moon, add half her diameter to the Silence 1 of the ſtars 
obſerved weſt of her; but ſubttact half ner diameter {rom the diftance of ſtars eaſt of 
her: 7 after Full Moon ule ut contraty. /{ 
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EXAMPLE | 


>, 
; Be + * 


8 75 ful the Angle of Ti Time, e bet uten the Meridian thy Aon is "upon at the Tim of 
Obſer vations and the Meridian of the Place. 


Reduce the Time of Obſervation to that at the Meridian of Greenwich ; and find 
the right Aſcenſion of the Moon to that Time, in Degrees and Minutes, by the nau- 
. tical Ephemeris, which convert into Time, either by the Table, p. 6..7. and 8, of ie 
quiſite Tables for finding the Longitude, or by multiplying the Degrees of right Aſ- 

cenſion by 4 for Minutes of Time, and the Minutes of right Aſcenſion by 4 for Se- 
conds of Time; then if the right Aſcenſion of the Sun in Time, reduced to the 

Time of the Obſervation at the Meridian of Greenwich, be greater than that of the 
Moon, add 24 H. to the Moon's, and take the Sun's right Aſcenſion from the 

Sum, the Remainder will be the Time that the preſent Place of the Moon has 
paſſed, cr will paſs, the Meridian, after the Place of the Sun; and if this Remainder 
of Time be leis than the Time of Obſervation, the Moon has paſſed the Meridian; 
but if it be greater, the Moon has not paſſed the Meridian: the Difference will be : 
the Ti.ne the Meridian of the Moon is to or from the Meridian of the Place; which i 
convert into Degrees and Minutes, and it will be the Angle of Time. 
Note, That the right Aſcenſion of the Sun taken from che Moon's, gives the Time ; 
of the preſent Place of the Paſſage of the Moon over the Meridian, after the Noon 


of the foregoing Day; from which Noon the Time of the Obſervation muſt be ree- 
Foned, as in the * following. 


EXAMPLE I. 
be 16th of Saber 1772, the Diſtance of the Moon and Pack: was obſerved, 


at 10 b. J m. at London: What were the Angles of Time for computing the Alti- I 


5 tudes of the Moon and of the Star in — of the Meridian. ES 


„ r 
_—— Aſcen. „( Co ae pes R. Aſ. at Noon 4¹ 3 
= s ditto ZZ. 2a For 10 h. 7 m. add 3 . 8 3 
15 — — e 
* paſſage over r Mer, II 13 40 5 ' true R. Aſcen. 46 11423 4 46 
Time of Obſervation 10 7 10 p.m „ PM 0 
& to We 1 30 7 e Sum 27 "2 16 = 
Which oy X of Ti 16 dez. * 372 m. „ © 8 R. Aſcen. : 1I © 39 48 5 4 


Pa page of Ys pl. over Meridian 15 24 58 1 
YR. Time of Obſervation | 10 7 10 | 


© to Meridian 5 17 7 | 


| Which gives the wh of Ti. 79 cer. 33" I f 


P 


|. 


EXAMPLE I. September the 20th, at 8 h. 50. a. m. Dit. of O. OY D obſerved: 
to find the < of Time for )'s Altitude.“ 


„ Dez, Mm, 
ps R. Aſcen. at Noon 92 1 
For 3 b. 10m, deduet 1401 
| — — 5. in, 2 
True R. Af. at the Time of Obſer. 90 204=6 1 22 
1 30 1 22 
© R. Aſcen. 11 52 10 


— — 


 Paſſige of v over r Meridian 18 9 13 
$ Time of Obſervation 2 20 5 0 


| Before the Obſ. the Moon paſſed the Meridian 1 2 40 "48 
Which woes the < of Time 40 deg. | 12 m. 


Frau IE III. 5 . 
Deg. m. < 
September the 29th, d 8 true R. A. at Obſer, 84 59 12 


—— 


Dio in Time . N 
©'sR. alen. | 17 50 21 


| Paſſage of D* 5 over Merid. 17 49 1 
Time of Obſervation. 11 23 45 


5 to Mer. ; * of Time 96 des. 181 m. Raſt 25 51¹ 
3 83 — * — 7 1 34 * 


Exaurzz Iv. 


La Long 92% E. the Ti. of Obſer. v was 1 h. 1 5 m. 10 ſee. p. m. the r6th .of Sept 
l For gat E. "my . 8 ſub. | 


6 


Time at Greenwich | Hy 7 10 as in Example L = 
* 8 an Meridian. 11 1 3 40 
Time of Obſervation 16 15 10 e 
* Paſt Meridian = a 5 1 7 225 4 Time 
"Paſſage of » ol. over Merid. 1 Sh. 24m. N 
Ti ime of Qbſerratitn 0. i5 10 


758 pl, paſt merid. 12? 33 =0 50. 12 
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rr 


3 4. & 4 
2 + 43 e Ew 2 — — ” ; - ; . D „„ ˙ eee * 
4 4 7 1 3 ul Lt en Pig ww we... Or oy or rene oe « * 
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iſ f 1 Septembe N 1h, zom obſerved big. ace of © ang. ** 

i Tot 709 E. ſub. 4 40 

1 Sept. 19 20 50 Time at Greenwich z 10 which 

i! [| | Time che R. A.*of the © and ) muſt, be found. —Alfo the 
3 . D's Hor. Patx, Diam and Diſtance, by Ephz 


1 FACES . 
if 3 „ 
| 1 | OR, 21. at o 10 Diſt. of dun and Moen a 57 I's 's opp. >. Alt 11 ö 
“ Rafe. 9 . 15 VVV 
I || 0 - 2 Or was * 
| +24: ©: ©: 8 
| 's Ri-aſe. 1 6 2 b. JV 20 19 42 p m. 
© 13 46 in. fy * is OM, 21 1 8 def N 
OR. 20th. at19 417 1 37 b. m. the Pl. of the > ply Mer. | n 2 5 


Iime of Ob. 24 10 0 


— —— 


N 2» pal & Mer, 4 28 08 : 67 dep. the << of Time. ; 5 ga 
Note, < Den: tes Angle. : 1 


be ) paſt Mer. + 28 


on 


3 given the apparent Altitudes and Diltance, to find the Difference of the | 
Azimuths of the Sun and Moan, or Moon and Star, ; 
GENERAL KULES. + 
Rule 1. To work by apparent Diſtance, and the apparent 2 nith Diſtances. l 
From half the Sum of the apparent Diſtance, and the two Zenith Diſtances, take 
e Zenith Diſtances ſeparately, and note the Remainders; then take the Sine Com- 
plement arithmetical of each Zenith Diſtance, and the Sines of ge two Remaindeis; 
add the four legs toge her: and half the Sum will be the dine of half the Angle | of 
5 Azimuth. | 1 — 2 
Rule 2. To work by the true Zenith DN | ; 
Rt, of the leſſer of the true Zenith Diſtances : : cs, 1 the Dif, erence uy TE] 
'muth : the t, of the 4th arch. If the Difference of Azimuth be leſs than go de | 
then from the greater true zenith Diſtance take the 4th Arch, and the ee 
will be the 5th Arch; but if the difference of Azimuth exceeds g99 degrees, 
8 s mo N _ 4th Arch add the Jour true Zenith Diſtance, and the Sum will be the : 
10 1 St 8 : 
Wl MNote, When the 5th Arc 3 is leſs than 90 deg. the reduced Diſtance will be le TY 
e than 9o; but when the Sth Arc exceeds 92 deg. * reduced Diſtance will be greater : 
than 90 deg. „„ | 
| Rule 3. As cs, 4th Arch : cs, 5th: : : cs, leſs true Zenith „ e cs, of the true 
or reduced Diſtance by Obſervation ; which being done, find the Diſtance by the 
RN 2 at the Time of the , reduced to the 1 ime at Greenwich, 
28 and then. | 
Remark 1. When the Diſtance is Jenin = the ned Difance 
than that by the Ephemeris, the Longitude is Wu. but if it be leſs, it is E aft par 
gitude: which muſt be applied to the Longitude that you aſſumed the Ship to be in. 


Buy reduced Diſtancs. is to be underſiood the true [i lice hy the Obk 
t 
or the obſerved diſtance cleared Feen che elfeet of Refracticn and TH 22 22 ; 
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2. When the Diftance'i is Weng and the bir DAance the greater, then ” | 
the pence reluiting from the Difference i is Eaſt; bur if i it be leſs, the Longitude ; LY 
| C = 
* ExAmPLE I. To find the Lots itind of the Place of Obſervation. , 

: 3. © 0 of Centers. © att. Alt. 'Þ apt. At, 4 
Ex: Sept: 20th 172, at 8 50 am. © and 5 88 05 "ro HY 1 * 30 1 
. 2 D064 3 Do. 46 20 30 1 

Vs Pars. E Alt. 40 47 e Refraftion + — 29 20 b 
Rẽefrection 1 1 07 ee. —— ä V— — — i 
875 5 Tine ZD 64 2 "Do. 1 00 N 1 

Apt. 'Dillincs 880 "uy yen ED TIN te be 5 45 4 3 

9 ©'s 7. D 64 12 o ©. 0440347 1 1 
e 2 46" 20” I” 1 o 1405798 © 4 


= 9 
The Sum 198 48 30 1 9027052 
Half the | dum 9 mY 6 2 


— — TEE 


1 19 SIT ; 1 
35 e 92352 28 0 0 59! 10” 
Differences 15 53 2 45 3 1 py 
* pr. of A Ty 55 = 
l.. 0; OE” 
t, leſs t tr. 2 D 3 Fre =i0 0103601 E 28 


cs, dif. of A2. 6 dr 2 9 er 7 


— 


* of 4th Arc 22 35 30 2 9 9 6192002 EE A On 
e GAS, og ee 3 
; — ces, ath,——o bitt 1375 
Sth Arc 87 00 30 Cs, $th,——8 7175932 
9 cs, leſs tr. b 43 41 — B442432 | 


_ C— 


pn * 


1 con true dil. by Obſer9. 97 44 10=8 596509 £142; „ af 
2 do oy Fphemeris 87.39 8 5 ne. > 7:5 - L 


a, 
. 


* Wee e 


Dif, OY 2 gives a. 33˙ FE. 1 1 V .- 
8 — 8 1 


Aſſumption g9 of W. e 54445 e,, 

By Oblerraion the Place | is 1 bee that Aſſumed 2 33 ab. 1 bby - * 4, 

4 Long, i in by the Obſervation. 0 27; W. EA, 1 

2 Note, the reduced diſtance by Ly on's Method is 879 44, g* 

To find the Parallax of the Moon in "Altitude, and the Refraction, re went 
ben $ Sea Officer s CHI, 


* , 
© 
As En mw 2A Yes © 
7 


1 8 
0 — 


p 
: . 5 : . x bor 8 
e · TT ha hee a. ada, * 


EXAMPLE II. To find the Longitude of the Place of Gar a when the Dif- 
tance obſerved exceeds go Degrees. C 
1772, Ober the 19th, In the Latitude 51 Deg. 3om. N. Long: tude, Aſ- 
ſame 5 h. = 75 deg, W. where the mean of four Piſtances of the Sun and Moon 
was 89 Deg. Im. loſec., the Time 11h, 3om. am, at the place of Obſervation, 


add 5 ©o . Longitude 


Time at Greenwich 4 307 m. 


0 oa. 19, *. D'sR. Af. 114 5% De. 16 8N. b. 
: At Midnight 121 Jv. = 


- 14 58 If12req. 69, TRL MET. 312 inc. 


— 10 1 0--4;;--0 26 dee. 
In 12 | Hours theDif, 6 44 and 1 10 


—ʒ — — — + mw 


IP 1 


. In 4th. the Increaſe + 2 31 Her: — 
1 Gives the true R. A. 117 25 Decl. 15 42 N. 


7 H. M. S. F. P. 74 18 of Þ 
CY A, in Time S 49 40 


2 Diam. 15 37 "A. Par. 57 20” 


Time of Obſervation 3o' before N 30 the ©. 
a ok Time for finding the Altitude of the Sun. . 
— — R: es. * * * ct, 51 30' t, of 4thArc=38® 15 30% 
N Sum T7. 4 's polar Diſtance 100 21 a 
Sun's R. Aſcen. 13 39 35 _ = 

—— Dees, a A.: e, $thz: „ „L.. 8. Al. 27 MIL 3 * 0 
Dit. of R. A, 18 10 5 | | | _—— — 5 
Ti. of Obſerva. * 30 Oat the Ship. ns 5 . 


— 


'Þ paſt Meridian 5 19 55 = = : 798. 50m. the 4 of Ti. for finding the Alt. of the 


— — e 
R: es, < Ti. 79% 3% = 9,2403861 es, 4th Arc 3 52! 40'—-0,0041180 
ct, Lat. 51 30 = 9,900bog2 | C8, 5th Arc 66 25 20—-9,6020530 


: 8, Lats 51 3 


= vf 41h Are 30 52 bes $i 
— —: 8. true Alt, 18 25 —9.——. 


I's po. Diſt 74 18 oo. 


— — 55 N. of Alt. $4140" 
Sw Are 66 25 8 | Refraction 2 50 I. yo 


| — — 


os by $ apparent Altitude - : 17 33 30 : 
. Apparent Z. D. 3 100 
: True Z D. 71 3⁴ 40 


obs true Alt. 27 8˙ 
od Refraction 85 2 


appar. Alt. 27 50 


62 10 
True Z. 5. 62 12 


„ 
Apparent Diſt, of the Limbs obſerved 89d. — is ſec. See foregoing Page. 


Half Diam. of the © 16 
- | Half Diam. of the 9 8 15 35 {See Nautical Ephem. 
For y's Alt, add FR 's by table in p. 8, of the uſe of 


28 1 Sextant. 
| Apparent Diſtance of Canes 90 20 Oo 


H. "Deg. Min, See. 
B the Ephemeris. The diſt, at 3 P- m3 0 47 
I Ao IF 33 38 5 
The Dif in 7 18 1 31 * 
: in "1 30 %ſZ KJ 39 ſub, fr. D at 3b 


— 


Tue ail. at 4 20 p. m. 99. 24 16 by Epp. 


The foreguing Particulars: are the requiſite Preparations for all ha different Methode 
of Calculation. 


1. R. WADDINGTORN's Method of computing the Longitude by T Prigonometry.: 
October 19th, App. Diſt of the Centers 90% 20 U 


— s apparent 1 200, O20 
© J | ppparent. Z. Diſt, O02. 10 00 20533957 | 
224 56 30 9.8867 82 

1 28 15 


— | 19, 70686 2 
40 OL 45 en eee e 


50 18 151 i 


n double! is ; the diff. of Azimuth 100 I 10 
I Supt, 79 58 5 


. R: t, 624; 12m. — 10, 279915 The bly. "Dork TY of 26 : 
8 es, Diff. AZ. 100 1 10— 9,2 495053. diſt, GA hs Eph 3 
e Hl 30 26"; 160 long. 


't, of 4th PP TY 15 4 — 9,5184968 2: 28 59 14 17 W. long. | 


' 00 hegr. Z. D. 78 34 405 by rule UL, | (as appears byremark 2. p. 5) 
A { 1. N 3 . of I which adde] to the long, the 


on Are 890 5⁰ 26 
II. os, 4th Arc 18 15 9 , 24452 
d cs, 5th Arc dg 50 25 — 7,4432421 
; C53 I-15 Z. D.62 12 co— 9,6687461 | Ship? „Lone: 89 17 w.. 


— — ; 


Via. to 75% 00 w. 
add CY 17 We. 


—_—S. 


— — - — 


2 cs, red. Diſt SY 55 17— 111366314. 178 out at ſight trom. 


Diſt. by F ph. 90 24 16 Gardiner's Logaritluns. 
itt. 28 59 


. 


1p was aſſumed to be . 


= 


2. Method: by Prop, 1. Sherwin's Tables bf verſed Sines, See p. 38 of 3d Edit. 
having ſound their dif. of Azimuth, by the firſt Canon foregoing ; or by Sher- 
| win's Rule, p. 31, the angle at the Zenith: And having given the two lides, and 
contained angle, of the Spheric Triangle; to find the third fide. 
Log. Verſed fine of the diff. of Az, Sup. 799 58' 50 £959 109593 

Log. Sine of Sun's tr. Z. D. 62 12 00 —9,9467 376 

2 Sine of Moon 5 tr. Z. D. 25 34 40 —9,977 531 


No. to Log g. 8 3 —9,8408803 1 5 + 
Nat. v. fine of 133? 46' 40' 1 .16918,632 _——— 3 
-..- 208- lum of the fides Jr __— = 
Nat. verſed 5 9986, 282 of 8929 5 17 he red. ai. FF 
* 99 55-456 wg. 55. -00- 9 55 | 
If 2 give bo” then will 826 eive Sha, wm = 


Pit. dy Esch. ks 35 o'— 9129 55 15 By . 15 p. 154 of e Log. 
: DiR. by Obſ. at + 300 3 - bg 55 17 in the book of requilits tables. OY 


CC 14 38 prop. log. 3823 
Deer. of diſt, in 3 — 1 gl 17 its ditto a Þ 
PO Or yur. 874 gives 2h Th 117” 
The time Ti the preceding diſt. by Eph, add 3 0 
N rue time of this "Obſervation at Ch - ys 27 11 N 
True time of ditto at the ſhip bef. Noon 928 00 a. m. 


: The time converted, 


* table, p. 8. 


e gives the Longirde TY 18 w. = 2 = 5 57 IIS 


* 


1 n recommend the Bock of os fol by Mr. Nourſe il in che Strand 
 *which has the Tables of Sines and Tangents to every ten ſeconds. And the firſt 
and laſt 49 of the Quadrant, to each fingle ſecond of the Sine, Coſine, Tangent : 
and Co-tangent. - Cuarto, bound in Calf and lettered, price G2. 78. — Since the 
fourth Edition of Sherwin's Logarithms is worſe than the third, and the fifth much 
_ worſe than the fourth, — This once valuable Book is now of little uſe, oving to : 
" the bad management of the condutors. _ 
Note, When the Index of the Log. of a "Re Coſine, or cared Sine is 9, there 

will be four places of whole numbers in the natural number correſponding. : 
When the Index i is 8 there will be 3 whole numbers, 
7 — u duo 
1 3 — 1 ditto 
TY — 'o all decimals, 
In Bherwin's 8 Tables, where the Radius of che Log. sines | is 10, the aud : 
Nawber to it is 10000 


Nat. cs. of Dif. of true alts, 9 22 40 98003,5 


{ty ) 


23 CALCULATION by Mr. DonTRonN's Method. see Re qviſite 
Tony p. 64 and REN alſo the Appendix to the Nautical Eph. for the Year 1772, 


page 38 


O's apparent alt. 27d. gom. o ſec. O's True ili 279 48* 
'» 's apparent alt, 7-33 - . D True altitude 18 25 20 


Dien to x6 Zoits Nat. cs. 9839,64 alf 9. 22 a 
' Obſerved Diſtance 9go 20 — its Nat. cs. 58918 


B Supt. 89 40 — 
ecauſe the diſtance exceeds 900 the Sum 8 $2=4 95 5 by. 
Gs Log. 3 by Table II. 9 w Sub. 9 I 


No. to Log: 98526,0 49935500 | 


: Toi difference 137.5 is the Nat, es. of 6 55 16% 
the reduced diſt. by the Obſervation. AE: 


4. CAECULATION by Mr. LyoN's Mr rng. [bee requiſite T ables 
"7 IR 19 and 20 the Rules. 1 


15 he Table L Bande Sheet. . 5 
Agt. 27 Deg. unden 17 Deg. is 0939 and under 18 Deg: is as: 
| Age. 28 1 5 under AP. is 1000, and under 18 5 is 939 


— — | — 2— 


» 


” x9. "Difference, gives „ 8 95 
If 601 61': : 510 hs the Increaſe of greater Alt. hence from o9 30 
Ku bo : 55 $4 372 54 for the Decreaſe of lefler Alt. 5 take = Y 


8 — 


Diderenee 3 No. to Log. 14 — 2,0935 


Deg. m. ſec. | 5 8 "Hoe, aal 575 20 0,4080 1 


Obſerved Dinos" 90 20 oo| 


o 0 Log. coſec. of 27.48 — 10, 33125 
Effect of Refraction + 0 4] | 


Dit. cleared of Refrac. 90 22 04 Propl log. tſtArc . 6 45 5  0,82804 
1 Effed of Parallax * 6. $2] 8 


— 7 8 Hor. Parx. 57 20 o, 40680 

Reduced Didance 89 55 12 | res. coſec, of 18 22 Z0—— 10, 50136 

| Which i is the ſame as by the other 1 5 2 of 790 22 0 — 2192 4 
two Methods, * | — — 


— 3 — | 


o 
" mY 1 >, 2 " A CIS - on 1 1 1 
* „„ 1 " ern * * A PWW 2 172 2 FR. 2 * yr I 2 25 2 — e * 2 ue 1 
3 nl e PEO ng eo Ee as ao 1 FEY x ; ' ; 
ä OE CE - 8 2 7 Fel by 1 * 1 8 * 6 : 4 
TE WTR N 7 COPEL A PETE 5 > Sine ive; N . 
> OE. 3 DN oe PMs 


Los. ſine of 90.22 —— 9,00 


ta) 


5 Calculation If the Method, from an amazing large Book of — lately 
| publiſhed, | 


Apt diſt, go? 40% Þ's alt. 17 3311 O's alt. 4 30. 
PO, — — Hor Par,x 57 20 


— — — —.—_—_— > 4 


Under dift, go“ 3 15 
C VV Log. Var. 
alt. 17 O's 270 is 2X 58 and 345 and 6 
ditto | 5 O's 28 is 22 46 and 23 and 6 


Thie method rt to me, Jong and GE | 
a Method, — Royal Aſtronomer's Rules and method of Calculation, [See the 
Appendix to the Nautical Ephemeris for the Year 1773, p· 2 to . 
7. Method . G. Witchel's Rules and Method in fa'd Appendix, p · 18 to 25. 


0 

K 

0 

8 Change of red. for 19 O's alt. + 1 and 14 and 0 : ! 
e 189 O's 275 1:22 or 8 345. and 6 þ 

; ws ah of red, for 19 * 8 alt. Pos nt IF, and ard o x 

'Þ's alt. 17 O's 4255 is 22 12” and 340 and © 

For 19 of diſt, Ry of red, + 8 and 5 and o I : 

bo' incr. of oh 8 alt i is + 4s” were 50 ' will increaſe + 40” : ; 

of Y's alt is + 2 and 331 will increaſe + 2 = . 

of ditt. = * 14 and 20 will increaſe ＋ * ; 

The increaſe of altitude and of ditt: give the meridian of "TY + a7 ; 
Alſo, if bo'decr, of e corr. log. give for 10 O's alt. 14] then 50 21 gire 12 : ; 
fort -)-8 alt. 0 33 will give o . 

8 4 for 1 I Ait. . will give 3 : v 
The increaſe of ckituces and diſtance give the decreaſe of the corr. . log. * : : > 
Prom the emis log, firſt found | 345 Obſerved Wie 905 200 00? [ g 
take the decreale of « corr. « logs. 14 Reduction 21 58% e & 
| LEN. — 10 which acd. 4% 1 6 
True corre&ting log. JC ͤ RT 4 and 2 16 
| leaſt ditto 9 9 BY 1 To 1 — a, 
= 9 5 nein. went as before % 55 x3. I 7 
Par, og. ofthe exceſs 4. N 983-4 Y 7 
2 eee, 8 

The fur gives. 2 ä 648 : 8 

10 

12 

13 


IF 


8 


D 5 
1 fable to convert the difference by 5 N reduced W and that by ihe K pheme 
, into north "0 . 
BP) 9 MER 1 8 | | 
r FI _ — — 
The hourly Inc 5 Se of Dianne, being 
| | E — 8 
26 [EM | CAP 21-1 29" } "292 | 30 | — [RET 2 32 3 
0, 173 o, 1 a4 0,192] 0,20 | 0,2 848 o, 20500 14 0,214 
0,26 0427], 0,28 | o, 282 0,29 , 294 o, 3oſ 0,302] 0,31 ſo, 31 | 0,32 
0,35 0,36 , 372 0,38 0,387 0, 394 0,40 o, 403 0,414 0,42 | 0,43 
0,43 | 9:45] 0,403] 05473] , 483 , 491,500 o, 505 0,513] 0,524] 0,532 
0,52 [Le ©,56 | 0,57 | 0,58 | 0,59 | Loc] 1,01 | 1,02 | 1,03 | log | 1, 
1,01 | 13-03 1,053] "1,06 1;08 1,09 1,10] 1511 1,12 1757 | 1,15 1.4 
1,10 1.12) 1,145] 1,151 1,17 1,18f 1,20 1, 215 1,23 5244 1,26 
1,18 [1221] 1,24 284 $4225, 1227 | 1327 | 1,283] 1230} 1,312 1,33 | 13343] 1236 | 1 
127 | 139] 1,334] 1,34 | 1,36 | 1538 | 1,40] 1,41 | 1,43 | 1,45 | 1 11,46 | 
1,35 | +39] 14425] 7:44 | 1,46 | 1,48 % 1,52 | 1,54 | 155 57 
252 1-54 [21:56 | L558 | 2-00] 2,02 | 2,04 | 2,96 2,08 | 
: 2,06 2,112, 132515 2,17 | 2,20] 2,22 | 2,25 | 2,27 1 2,29 
2,24 2, 292,322, 352,37 | 2,49] 2, 432,46 2,48 | 2,50 
|_2:42| 2,48 1.2930 1 2eh$-| 3557 f 3o& Oy. 3o03 | 3-07 | 3,09 | 311 | : 
53 | 3»00| 3, | 310 | 3,13 | 3,16zj 3,20] 3,24 | 3-27 | 3,30 | 3533 | 3 
3-11 | 3»13| 3,25 | 3,29 3,33 3,362 3,40 344 | 3-48 | 3,52 | 3,54 | 3»5* 
3-28 3˙3⁵ 344 1 32 3.56 4:90 4504 4,08 4,12 [ 16 | 4 
3-45 | 544303 | 4:07 | 4,11 | 4:16. 4420] 4:24 | 429 | 4:33 | 4,38 
4-03 | 4-12] 4,21 | 4:26 | 4,30 | 4:36 | 4,40] 4.45 [4:50 | 4554 | 4:59 | 
4:20 | 4239] 4,49 [445 | 4:59 [ 4255 | 5,00] 5,05 [Hi | 5.15 | 520 | 
437 | 4-4 4-46 4.59 | 5:04 | 5309 | 5:15 | 5,20] 5,25 | $531 | 5530 | $41 | 
4255 | 3? 06 5,174 5-23 | $529 | 5-34 540 540 | 5>51 | 5257 | 0,02 
$12 $224 5,36 [842 | 5,48 | 5554 | 6,00] 6,06 | 6,13 | 6,18 | 0,2 4 
5,30 | 5,42] 5,55 5 6,01 | 6,07 | 6,14 | 6, 200 6,20 | 6,34 | 6-39 | 6,46 
5,47 6, oo] 6,13 | 6,20 | 6,27 | 6,34 6, 4c] 6,47 | 6,54 | 7,00 | 7,07 
6,04 | 6.180 6,32 |_6,39 | 6,46 6,53. | 7500} 7:07. | Ini £72334 [2f'9 
6,21 | 6,36) 6,51 6,58 | 7,15 | 7413 | 7,29] 7527 | 7:34 | 741 | 7:49 | 7:56 
6,39 | 6,54] 7,09 | 7517 | 7:35 | 7533 | 7:49] 7547 | 7:55 | 5,02 8.10 | 5, 
6,56 7212] 7528 | 730 | 7,44 | 7452 | 8,00| 8,08 | 8,16 | 8,24 8,32. | 
7314 | 7350 | 7:47 3.5 8,03 | 8,12 8,2 8,28 | 8,36 | 8,45 | 8,54 | 
7,32] 7,4“ 9,05 514 8,23 | 8,32 [5-40 8,49 | 8,57 9,06 95715 
7-48 8,0 8,24 | 8,33 | 8,42 | 8,51 [9200 9:09 | 9,18 [922 235 
e 8,24] 8,42 | 3,52 | 9,01 | g,11 | g,2c| 9,29 | 9,38 | 9:48 | 9358 
8,23 | 8,42] 9,01 | 9,11 | 9,21 | 9,31 | 9,40 9,49 | 9,59 |'9-99 [19,19 
8,40 9,00 9,20 4 9439 | 9-40 9,50. 10, ooo, 10 [10,20 [10,30 [0,40 | 
10,24 [10,48 11,12 [11,24 1, 36 11,48 12, 00 2,12 [12,20 [12,30 12748 
12,08 12,363, 0413,18 [13,32 13,46 [14, 014, 14 [14,28 [14,42 14,58 15 
13.52 11251 14,50 | $412 115,28 15544 aces hah 19:28 16,48 17, AL 


of the Seconds in the Column. | 


* * 


— 


For the Seconds of hourly Motion above Minutes, take the proportional parts of the diff. 


»„—— 


"Te „* 


— 1 e 3 Ye a La. hn LR, PEST ELIE TITS * 4. IS EWA wa, 


ne uſe of the foregoing Table, is to reduce the difference between. the reduced 
Diſtance of the Obſervaticn and that by the Ephemeris into Longitude, | 
| Enter the Table with the hourly incteaſe or decreaſe of Diſtance, or the near- 

— eſt to it, at the head of the Table (the hourly Difference is obtained from the 
Ephemeris) and in the Column under it, find the Minutes and Seconds, or the 
neareſt thereto, of the difterence between the reduced Diſtance and that by the 
Ephemieris at the Time of the Obſervation, and in the right hand Column you 

Will have the Longitude correſponding in the ſame Horizontal Line; which muſt 


g ®% 


be added to, or ſubſtracted from the Longitude you aſſumed the ſhip to be in, 


as directed in the firſt or ſecond Remark, p. 14 and 15. F 

Ex. 1. Suppoſe the difference 5 02“ as in p. 15, and the hourly difference 

of diſtance of the Sun and Moon 29' 27“, under 29% is 4' 55” and 5' 15”, by 

which the Longitude appears at ſight to be 29 337 
Ex. 2. If the difference of Diſtance be 28' 59''as in p. 17, and the hourly il 
Decreaſe of Diſt. 30 26, to find the correſponding Longitude, under 30% T fird if 
9 29” and 9 49”, one of them is lefs and the other more than 3 of 28' 5g”, | 
which is 9 40/—, and for which may be taken 4? 45 2, becauſe the Increaſe of | 
the Seconds is 200, under 30˙27, which correſponds with 10“ increaſe of Longi- 
tude (in Longitude Column) therefore ſay, as 20“: 100: : 11” the excels of 
997 49” above ꝙ 29: 5 30. Hence the Longitude corre pending to 9g' 40 is 4% 452 
v which multiplied by the No. that 28' 59" was divided by, viz,  _ 3 | 
gives the Longitude anſwering to 28“ 59” = 149 16% | 


Ib a Bs 8 


— 


» Remark, That all Obſervations are to be computed according to the true tine 
at the Ship or Place; but the Requiſites that ate to be taken from the Ephemeris, | 
muſt be found by the time of Oblecvation reduced to the Meridian cf Gre Goth * 


+ t 8 24 4 SA * 1 5 * ©. * 2 ; .: a * * — oy * 


„ > Latitude: - + 17 engine 
VVV fo | a | in degree : 
-- Greenwich Obſervatory - | 51 28, 39 N. | ch. of, oo } Oo O | 
London, St. Pauls J 31 30 45 N. L o 20 O e W... 
Portſmouth, Church e ee 
The Lizard Point 49 57 30 N. o 21 20 | 5 20 . 
I. St. Mary's Scilly  '- 49 58 ooN. fo 27 0 6 45 w.. 
I. dt. Mary's, 9 Miles, Sr | 
Cloudſley Shovel was loſt in 
Oct. 170%, on theſe rocks 
Paris, at the Obſervatoryß 
Peterſpurgh, Ruſſia > 
Stockholm, Sweden 
Port Royal, Jamaica ._ 
C. Good Hope, the Point 


——_—.. 


* 


© W O\ 
„ 
—— 


— ) N - - x 2 . "= * 
£ . "I x 
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N 


Madraſs — 
Pico Tenerif 
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Or the bending of the Rays of Lizht, as they paſe 4 the Atmeſphere 
ef the' Earth; that is, as they paſs through that part & the Air, which | 


receives V. apours and Exbalations. 


Ly 


Def. 1. By the Rays of Light.are to be in their leaſt parts and thoſe as 


well fucceſſive in the ſame lines, as contemporary in ſeveral lines. For it is mani- 


Feſt that Light conſiſt of parts both ſucceſſive and contemporary: Rays of Light 


may be conſidered to be lines reaching from the luminous body to the body illu- 
minated, and the Refraction of thoſe Rays to be the bending or Dren*Jpg of thoſe 
lines in their paſſing out of one medium into another. 


2. By the Eclipſes of Jupiter“ s Satellites is proved, that Light is propagated in 


ume, and is about ſeven minutes of time in paffing from the 885 to the Earth. 


3. 'l he Angle of incidence, is that Angle which the line deſcribed by the inci- 
dent Ray contains with the perpendicular to the n or refracting Surface: 


at the point of incidence, 


The Angle of Reflection or Refraclon; is the Angle which th: 1. de- 
ſeribed by the reflected or refracted Ray, makes with the perpendicular; ſuppoſed 


to be drawn, to the refleCting or refracting Surface, at the point of incidence, and 
in uniform Mediums it is bent at its entering into the medium, and then proceeds 
in a right line; but in paſſing through fediums which increaſe or decreaſe in 
denſity, the Angle of Refraction at any point, is the Angle contained between the 
ps rpendicular drawn from that point, and the Ray from thence proceeding; and 
this Angle decrcaſes as the Ray paſſes through increaſing Mediums; : but the An- 


gle increaſes, as it paſtes through decreaſin g Mediums. 


. The Sines of Incidence, Reflection and Refraction, are the dine of the An- 
les of Incidence, Reflection, and Refraction : as the gs A 5 D, D B C and 


BF in fig. 1, 
A 1 1 0 MA 8. 


1 4 The Angles of Reflection and Refraction, lie i in one and the ſame plane, 1 


1 the Angle of Incidence. 
The Angle of Reflection is equal to the Angle of 1 - Eg 
If the Refracted Ray be returned direct] ck, that is, if it be reflected per 


| pendicularly, it ſhall be refracted into the line before defcrived by the incident | 


Ray, to the point of Incidence, 


Refraction out of the rarer Medium into the Jet is made towards . 
; perpendicular, that is, the Angle of Refraction is leſs than the Angle of Incidence; 
but Refraction out of a denſer into a rarer Medium, is made from the 8 i 


Reflection, 


lar, Dif, 4. By fig. 1. AD is the ſine of incidence =D C the ſine 0 
and E F in the fine of Refraction. 


If che Proportion or Ratio of the Sine of Incidence to that of Refraction, be 


known, in any one inclination of the incident Ray, it will alſo be known in all 
other inclinations: Thus if the Refraction be made out of Air into Water, the 


Sine of Incidence of the red light, is to the Sine 77 its Refraction into the Water 


as 4 to 3. Thus, A A D=a G, and aG:FE::4: 3. If out of Air into Glaſs, 


the Sines are as 17 to 11. In Rays of Light, of other colours, the Sines have 
other proportions ; but the difference is ſo little that it necds ſeldom to be con 
ſidered. Fry ur 1 Newton's * ' 4 
5. 
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makes the Ray bend toward the denſer parts continually as it paſſes through it; 


ike true Zenith diſtance of the Sun, Thus, the appt. alt. 


True alt. of Sun's center, j 25 31 


5. A Ray of Light in paſſing through a Medium which inereaſes in denſity, 


by which all Rays will appear as if they had proceeded from other points than they 
really did. The Sun. Moon and Stars and all objects on the earth, appear higher 
by Refraction, than they are; the Angle or quantity of Refraction, at different, 
apparent Altitudes, in a middle ſtate of the Air, is in the Table of Reftaction. 
Fig. 4 Suppoſe B E D to repreſent the Surface of the Hemiſphere of the Earth, and 
ALG H the upper ſurface of the Atmoſphere; bp, a Ray of Light which enters 


into the Atmoſphere at b, and paſſes to F, in the Curve continually bending to- 


wards the perpendicular p C, and at F, it is the deepeſt immerged ; from F it pro- 


| ceeds to L; quits the Air, and is refracted from the perpendicular LO, into 
the right line L M; and the power of RefraQtion-at L, will be double to the Re- 
fraction at F, becauſe the Ray in its paſſage fiom b to F, paſſed through the like 
Medium as it did from F to L, and in courle, the effects will be equal  _ 
Suppoſe a Ray of Light proceeding from the upper edge of the Sun at a, enters 
the Atmoſphere at I, and is refract.d from its directions I r, to E, the place of 
an Obierver, who will ſee the Sun's upper Edge in direction of the Line of the 
- ſenſible Horizon E d, in which it entered the Eye, T he Horizontal Refraction 
is the greateſt, and: it varies from 29 to 37 Minutes in the Latitude of London; 
conſequently when the Sun appears in the Horizon, “ he is 33 Minutes below it 
by a mean Refraction; and in greater Latitudes ſomething more, the Atmoſ- 
phere being more denſe. Let m repreſent the place of an Obſerver on the top of 
a Mountain, ml, his viſible, and m n, his true Horizons, the viſible Horizon at 
I, will appear higher than it is, occaſioned by the Refraction of the Rays coming 
from thence to the Eye, from a denſer to a rarer Medium; for by Axiom 5, and 
Def. 4, the perpendicular to the Refracting Surface is S e, and the point of In- 
cidence is at S, which point will appear to be lifted up, by the Refraction of the 
Ray S m, it being bent from the perpendicular; this Refriction added to the ap- 


parent Horizontal Refraction, of the Sun or Stars, gives the true Refraction as de- 


termined by calculations. When it is leſſened by the Sun's Horizontal parallax, 


the mean parallax of the Sun being 8,75 ſeconds, as determined from the Obſer- : 


_ vations of the Tranſits of Venus over the Sun in the Years 1761 and 17690, The 


Horizontal Refractions mult be the greateſt, becauſe the Rays in that Pofition paſs 


through the greateſt ſpace of the Atmoſphere, allo through the greateſt quantity of 


vapour. The Angle n m 1, is the depreſſion of the viſible Horizon, below the | 
true Horizon; and the rational Horizon is that which paſſes through the center of 


the Earth, as A H, reſpecting E, parallel to the true Horizon hd. 


Suppole an obſerver, on ſhore, with an Aſtronomical quadrant, oblarers the 


lower edge of the Sun's limb to be 40 20” above the ſurtace of the ſea ; the alti- | 
tude of the teleſcope 20 feet, higher than the ſea ; when the diam. of the Sun is 


32 3o”, and his Horizontal parallex 9“, the Horizontal refraction 33'; to find 


above the viſ. horizon 40“ 20“ L. L +16' 15"—20' 57” Ref. 


The diff. between the quantities 14 49 [ H. P. 1 0 9 — 4 16 for 20 fl. high 


— 


+16 24 —31 13 


above the Hor. — „ 
Er ae cre de 06-00 4 5 their diff. is 14 49 
* Note, The true Horizon of any place, is a Tangent to the Cutve of the 
Earth's Surface at that place; which is ge? from the Zenith in every poſition and 
; Place. | | | | 
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N. B. Tha 


valleys are both liable to many i 


made by the Rays paſſin 


Motions ate too quick and confuſed to be perceived ſeverally, 


thz ſtar to appear b:oader than it is. 


Art. . The rays of light which fall obliquel 


it, if the medium be uniform, are only bent at their entering into, and coming 


out of it; but in paffing through mediums, which gradually increaſe or decreaſe 
( 


as the Atmoſphere) the rays at entering in, and paſſing through it, are gradually 


bent, fo long as the medium increaſes through which they paſs; and they will 


enter the eye, refracted the ſame quantity, as if the medium had been un 


form, 
and of the ſame denſity as that where they enter the eye. | 


Remark 1. The quantity of refraction is the ſame, whether the rays paſs through 
a mile or an inch of it, in the ſame medium, with that near the eye. And be- 
5 cauſe the laſt inch of Atmoſphere, before the ray enters the eye, gives the quan- 


tity of its refraction ; therefore by paſſing through the whole At 
tity of retraction is not increaſed. For Example, 175 


firſt; and the third medium treble to the firſt ; then | ſay the refraction in paſſing 


through the firſt being one, in paſſing through the ſecond Medium it will be re- 
fracted 1+152 by both theſe mediums; and in paſſing through the third Me- 
dium it will be refracted 1+1+1=3, by all the three mediums: becauſe the 


ſucceeding mediums have a refractive power in proportion to their denſity, QE D. 
Remark 2. Since the rays of light are the molt refracted in that part of the At- 


moſphere which is the moſt denſe; it may happen in many circumſtances, that the 
rays may be reverted before they come to the eye; for inſtance, if the air round a 
Teleſcope, through which a perſon is obſerving the altitude of a Star, be rarer 
| than it is at ſome diſtance from the "Teleſcope; by the foregoing principles, the 
curve of the rays will be inflected before they enter the Teleſcope, and in courſe 
the Altitude of the Star will appear leſs than it would have done, provided the 
medium within and without the place of obſervation had been the ſame, For this 
reaſon, and the Methods uſed in many Obſervatories; it is evident, that no 
great accuracy can poſſibly be drawn from their Obſervations, ſave the Meridian 


Ones. 


t Obſcrvatories which are built on the ſummits of hills; and thoſe in 
cious Planes are not ſubject to. 


Sir II. Newton's Opiics, Prop. 7. The perfection of Teleſcopes is impeded by 


the different refrangibility of the Rays of Light. The Diameter of the Image 
g through a Convex Glaſs. Sce bp. 73, 74. Alfo, Part 

1, B. 1, P. 8. If the Theory of making Teleſcopes could at length be fully 
brought into practice, yet there would be certain bounds beyond which they 
could not perform: For the Air through which we look at the Stars, is in 
a perpetual tremor ; as may be ſeen by the ſhadows of high Towers; and by 
the twinkling of the fixed Stars. But theſe Stars do not twinkle when viewed 


through Teleſcopes which have large Apertures, For the Rays of Light which 


paſs through divers parts of the Aperture, tremble each of them apart, and by 
means of their various and ſometimes contrary tremors, fall at one and the 


ſame time upon different points in the bottom of the Eye, and their trem 


And all theſe illuminated points, conſti 


y on a medium, in paſſing through | 


moſphere the quan- 
Suppoſe the Atmoſphere of the earth (through which an oblique ray paſſes 

to the eye) to be divided into three mediums; the firſt medium the ray paſſes | 

throngh, ſuppoſe it to be refracted 1, the ſecond medium double in denſity to the 


nconveniences, Which thoſe that Stand on Spa— 


bling 


itute one broad lucid point, and cauſe 


— alli pes; . * 


f A Table ſhewing tbe diſtance of the Viſible Horizon, for different heights of the 
 Obſerver's Eye above the Sea, together with the true and apparent depreſ- 
| fon of the Viſible Horizon. | See fig. 3, plate 1.]. KR TT: 
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The Z of qepreſſſon b AE, ISE ATE, be- 
cauſe the 2: C AE is the comp. to each ol 
tbem as by the fig. is evident. SY 


height} diſt. off depreſſ.] Refrac-ſappt. dip. 
ſot theſthe hot. of the tion of juf the 
Jeye inſin miles. horizon the hor. horizons 
OOO ns FRERNRANS LIES: 
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Let C, repreſent the center of the earth, A 
the Summit of a place on its ſurface; g f a E 
Ja part of a great circle. of the Earth; E A, 
Jtangent to it drawn from the point of contaci 
E ; alfo the tanyent line a h, and its parallel A 
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57 [termine the inclination (or depreſſion) of the 
{vifible Horizon, below the true, at diff, alti-| 
Tz | 4,25 3 40 3 {tudes of the obſerver; we have given the ſemi- 
14 47|4 „% 24 [3 37 diameter of the Earth = 3975 miles, and the 
46 1-1 1 height of the obſerver's eye (by hg. 3) in th. 
2724 4 [A, AE C; Let A a, be= 400 yards. Then 
Ve ECA E, the diſtance of the horizon 

4! from A. And ſince the LE, is a right angle, 
3 [land therefore = the A + C; but the | 
{C= Lb AE of depreflion, Hence AC: CE 
2 2 adds of the CA CE of Depreſſion. A : 
———|| Now 3975 X 1760 = 6996000 yds. = C:| 
P 1.01 CE, NA 92 69550 yes. ER 1 

47 7 Ss Wim. mm Tamer 
— — As 69964co0—6,8448746 | mile =yds, 
a9 | 7 40 16996000 —56, 8448498 | 
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397 
102,85 


1 2 b, may repreſent the true horizontal direction“ 
4 | 47% ; by 8 \s of the diff Altitudes of the obſerver above th: 
1 3.5 5 18 |2 44 [Horizon, or ſurface of the ſea; in order to de- 
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Now 73088 = 47,5 the diſt. of the Horizon, | | 
Ex. 29, To find the Hor. Dip. and diſt off | 
the Horizon, the Obſerver being one mile high. 
1. As the Ear, rad. A 1 mile 3976 3. 5094 404 

a e, the rad. in miles 397 5— 3,3993370 
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2 2 R .cgof the dip—1® 177 10.0, 9098907 
?.R: the Hy p. C A, 1 27 40. 511104 

g | -- 8. of dip. . 11 11194 
126, 1 f gg 00010 541138 6 7 PN C — — 351119 
44 E. 13 3011 21j2co gf © iſt. of the vil, hor. AE—d9,24—1,9505058| 
To und A a. As cs, of the 4. of depreſ. R:: CE TTand c A — T ESN 3 

Note, chat if any number in the firſt column be multiplied by four, and its correſponding number in the 
| Tecond column by two, the products will ſhew tbe alt. of the obſerver, and the diſt, of the viſ. hor. Since 


the rays of the hor. are refracted (as in the fourth column) that quantity muſt be taken from the angle of 
tbe dip. obtained by calculation, as in the third col, to get the appt, dip. as in the fifth col gc of 
dt ; by 5 * : - 3 
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＋. new Table of Reals, adapted to the middlt State of the fr. e 
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TABLE II. 


A Table of the Minutes to} 
be applied to the obſerved| | 
Altitude of the lower Limb : 
of the Sun. 
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In fig. 5. Let r, r, r, be rays of light, which enter the denſer part of the At- 
moſphere at 1, 2, 3, through which they pals to the points 5, 6, 7, where the 
Ray at 5 enters the glaſs medium, and is refracted towards the perpendicular 5 b, 
till it arrive at 8, where it enters the water medium, and is there refracted to- | 
wards the perpendicular be; at 9 it enters tue air, and is refracted from the per- 
pendicular ꝙ f, into the curve 9 10; the other Rays r 2, r 3, will be bent and 
refracted, as appears in the figure, by principles before mentioned, e 3 


. 


In this, the body a f g b, repreſents a ſquare priſm of glaſs, put into a veſſel 
of water of a ſimilar form. . 7 86 
The Ray, r 3, enters the Atmoſphere perpendicularly, and therefore is not bent 
till it enters the glaſs veſſel which holds the water at 7, and when it enters the | 
water it will be bent the contrary way, and then piſs in a right line tot, where 
it will be bent the ſame way as it was at 7; and if it be there refracted, ſo as to 
paſs in a line perpendicular to the ſurface of a priſm, where it entered; it will 
proceed in that right line through the water and the ſide of the glats at v, and at 
entering the air it will be bent towards the greateſt body of the Atmoſphere, into 
the curve v u, and the like of any other. The angle of incidence of a ray 2 
given at its entering into any of the mediums ; its inclination may be determined 
at any point, in its paſſage through the different mediums of glaſs and water. The 
fine of Incidence to that of Refraction out of air into water, being as 4: 3, and 
cout of air into common glaſs as 17 11, and out of air into cryſtal as 25: 16, 
which reduced to the ratio of unity will be, the a | 
2... Sine of Incidence, Sine of Refraction 


out of Air into Water, as I to o, 75000 

out of Air into Plate Glaſs 1 to 0, 64700 

_ out of Air into Flint Glaſs 1 to 0,64516 
out of Air into Rock Cryſtal 1 to o, 4600 
out of Water into Flint Glaſs 1 to o, 86020 


If Light paſs through many Refractive Mediums, gradually denſer and denſer, 
which terminate with parallel Surfaces, the ſum of all the Refractions will be equal | 
to the ſingle Refration, which it would have ſuffered in paſſing immediately out 
of the firſt Medium into the laſt, Newton's Optics, book 2, part 3, prop. 1066 


The Parallaxes of Altitude, are to each other as the Coſines of the apparent Al- 
titudes. To find the Parallax of Alt, you muſt get the Horizontal Parallax at that 
time, and then ſay, as R: Hor. pars, : : cs, appt. alt.: pai*, of alt, Suppoſe 
N the 7 8 Hor. Parx. 535 appt. alt. * 5 . „ e we 4 Es — . 
Then Logiſtical log. of 53 00 = 19,5310 Rad, added 


L. L. of Pars, of alt. 45 54 = o, 5935 by this Method the following Table 
a — : — G was computeeeem. 
All celeftial objects appear higher than they are by refraction; and lower than 
they are by parallax. Conſequently the altitudes obſerved, muſt be leſſened by the 
refraction of that alt, and increaſed by the quantity of the parallax of that altitude, 
as in the tables. Note. The table following with the appt. alt. againſt it, and un- 
der the preſent hor, parallax (as found in the Nautical Ephemeris) you will have 
the preſent parallax of altitude, IEEE — Aa 
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Table of the Moon's Parallax of Altitudes. © 


"Horizontal Parallax of the Moon. 
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A Table of the Moon's Parallax of * Altinude, | 
FAY """Wortzontar” Parallax of Ns Moon, | 
— — __— — — — — \ 
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28 37129. 08:29 40030 12030 440631 1631 48132 19/32 
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Tz H E parallax ® of the ſun Jeduced from the obſervations made the ſixth 
of June 1761, on the day of the Tranſit, was 8”,565; and on the third 
. * June 1769, on the day of the tranſit it was g” „65, which reduced to the N 
ſtance of the ſun from the earth, gives the mean parallax of the Sun 8“, 
or 8˙%78. The late ingenious and excellent Aſtronomer, Mr. James Short, 2 
- Gilad the Sun' s parallax from a great number of calculations; the mean of 
calculations gave 8,61 ;- the mean of 63 gave 8,63; the mean of 21 gave 8” „30 
and 8”,57 on the ſuppoſition that the ſun's parallax was 87”. 
And the Rev. Mr. Hornſby, Profeſſor of Aſtronomy at the Univerſity of Ox- 
ford, by ſuppoſing the ſun's parallax 9“ deduced from a mean of 14 calculations 
. 69 and 8”,65; whoſe mean is 8“,67 from the obſervations of the year 1761. 
And from the obſervations of 2555 (on the day of the tranſit) the mean reſult, 
ive the parallax 8“, 65; from which this Rev. Profeſſor, by the foregoing reſults, 


gets 8,78 the ſun's parallax, at a mean * from the earth; and. the — fe 
, O08 of 2 u ee rc 


une ie 39 25 be 4 Ifances of the Planets Som: the San, as ; unde 8 
8 The Planets E Abſolute k By means of an acromatic object glaſs 
E e Diſts Diſtances micrometer 40 feet focus, which Mr. J. 
AL . Short adapted to a reflecting teleſcope of 
: Mercury 1 387,10 | 36, 281 ,700 1 two feet focal length, he meaſured: the 


„ 2 1 greateſt and leaſt diameters of the Sun; 
bY » , 


Mars : 


1523,69 | 142,818,000 rm found the apogeal diam, =g1' 28” 
No go | 5200,98 | 487,47 2,000 | and the de e 33. 
Saturn, | 9540,07 ———— 0 
3 — — | ; the mean of them 32 00,5 
” We rom the fixed Star Syrius to =, 3 it's s half | is 16 0, 5 


1 * times fu rther fromus than the Sun | 
75 fad the Diantter 7 the Sun i in Engli Miles. ; 


_—” hg. 6. Let E, repreſent the center of the earth; 8 that of the tant; and 
3 Ul. his diameter. ben i in the W * _ are your EO and the ale i 
5 W to hnd SU. 5 


8 The Parallax of; the. Sun, Moon or e Str, is he grant, at e Edu, that cui 
3 — the brat 


4 N 


- 


a. 


(353.4 


As R: diſt. gg7a6g00=7,9718643) And the equitoreal diameter of the 
idm. 10/00" 525 766 579575 oarth being 7970 miles; as deduced from 
- {th e meaſures of a degree of the arches of 
* the diam. . 436 36,5 8,6398218 meridians, Hence 7970 | 8 2673] 1097 
Hence 872 73 is the diam. in | times, that the diameter of the ſun is 
—- ni greater than the Earth's. Bor from a 
ww of a number of the meaſured diameters of the ſun, with micrometers, there 
reſults for the diameter 32'. 02”, and of the planets, reduced to the mean diſtance 
of the earth from the ſun, as are in the following table; and from which 1 have 
calculated their abſolute diameters, circumferences, and ſurfaces. The mean 
; 5 00 diameter of the ſun 32 02 gives his diameter 109,58 times that of the 15 
8 
On the day of the Tranſit 1769, the relative diſtance of the ſun em the 
earth was 101 512,61 The apparent diameter of Venus 
T and of Venus from the Sun 72020, 3 was 57, 8“ meaſured on the face of the 
+ m——— ſun; but the ſphere of Venus being 
of Venus from the earth 28886, 3 fo ftrongly illuminated, which in ſome 
5 —— ſmall degree might leſſon it's * = 
rent diameter. 8 We therefore take * for the diameter 1 Venus. 8 


a bd 


| Whence, if 101 512,6 give 8˙ 63 the relative mean dit, 100000 will give : 8,73. 
and if ditto oF 8 65 ditto „ 100000 will! * 8, 78 


= : the Mean i is 2. 
but we will take 82 for the parallax of the "FA at the mean diſtance from the Earth, I 
And it will be, as — 58” :: 100000 : 16, 75388 $6 
And : $74 : : ——: 16, 69028 


mean It "272 5 diam. of Venus. 


2 of Sun's mean dil. n 


2 „ of 21935926536=0,9971 5 
ne ee 0 78853. 25 PRE 


2 ; diam. of Venus 3792,66 = 365759441 | Periphery 23830 | 2493771227 


x * ace 180 125 288, 2570 = 
diam, of Venus 1585-38 1 oj — 7 i 757 19 Sw £999 


0 
— — 


è§.nn 


arid 


By TY * 3 of n. "KD obtained the aum, peripherys | 
and ſurfaces of the other planets. 


1 — 


9420 


Mus o 114 35162, 3 | 162085 | 


If 2 8 

5 7 4d 4 N f 1 I 

, P . , W- 

. N | | 


ih Loaf: reduced to the | Equatoreal di- Peripherys in 
ia 4 * * 4 5 kB þ 2 4 ; a 4  @ « 4 pt 
. |, meandiſt. of the Ofr. the S | ameters in mi. 


2 « 2 


r the san 3 02” = | 


+84 


Whos, % » (A Fs. 1 8 
\| =—Merewyo 7, | g148;2 |, g8gog |. 


F x. 


_ þ Saturn 2 51,7 10 78020, | 2245 107, 
|. ——hH'sRing6 40,6 1819800, | 571707, o 


\ | Jupiter 3 13,7 38000, - | 276460, 0 | 24, 


109, 123, 253,0 | 
] 1042040,000,000 


15,566,836 


31,136,843 be 


180,757,125 


83,728,000 . | 


895,186,000 


* + ad 


E N * * Y - . — 2 * N N * — 
2 * ? þ : - * 8 5 n . s 
1.2 oh n — . — ch Be he” by 
4 3 * 


Planets, to that of the Earth being 1. 


Ratio of the 


— 


© $73355.4 [27437221 2,396,241, 111,110 


. 


— 
2 


©] 109,38 | 11982 times greater than the Earth's 
JJ Car On 
Do, 28 | — rx or 13 times lefs than the Earth's 
Ir ——04+ or 6 times leſs than the Earth's 
1 

dS. 


[ or 2 leſs than the Earth's | 


ny of h 22,8360 | — 320 times ditto | 


, - p 
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„„ . 


Diameters | Surfaces, that of the Earth's 5 W 
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O the 


Sun ö 4 


© the Earth | 
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To find the Diflance of the © 2 » „er Þ and Star, at the time 8 an olſo in, 
by the Epbemeris. 


' 


The calculated 8 in che firſt column of the Ephemeris are alaptell te to 
noon, at the meridian of Greenwich, and the other columns contain the diſ- 
tancee, at 3, ©, 9, 12, Is, 1 and 21 hours, after the preceding noon; and 
-  lLobſervaions muſt be reckoned 1 in like manner, as by remark 1, p. 11. | 
Note 1. If the true time of obſervation at the, ip, reduced to the of 
Greenwich (by remark 2, p. 11) be betwixt noon and Zpm, then take out the 
diſtances in the column under noon, againſt the day of the Month; and un- 
der it write the diſtance at 3, and take the difference of theſe diſtances,. and then 
_ 'fay, As 3 hours or 180 minutes, is to that difference, ſo is the minutes of time of 
the obfervation, after the time of the firſt diſtance, to the proportional part of in- 
creaſe or decreaſe of diſtance ; which muſt be added to the diſſ ange at the former | 
time, when the diſtance'is increaſing z/ but ſubtracted when the diſtance is decreaſ- | 
| 083 and you will have the diſtance at the time of obſetvation by the Ephemeris. 
j Note 2. You are always to take out from the Ephemeris one diſtanee at the 
neareſt time preceding that of the reduced time of obſervation; [See remark, 5. 22] 
2 the next diſtance after it, and then proceed as above ditect:d, ſee p. 177 
Note 3. Having obtained the diff between the reduced diſt. and that by the Epb. 2 
chen ſay,as.the _ hourly ingr, or deer. of diſt. obtained from the Eph. is to 150 or 
i” 950 of Long. ſo is the difterence between the reduced Cilt. and that mb the — to 
— of Long. On See Pe. 175. 3nd. . 
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© 5 Ir the * and the el to ſet the obieg 11 * Snakes er. 10 \the | 
— 5 12 Plane of the Infftument, and parallel t6 each other Sgt | 
"2.3. Of the Arch and Nonius, and how to be reckoned ONT 


- The method of reckoning any arch and it's Nonius | ” | 
To, adjuſt the Sextant, and how to obſerve the Alt. of O, P or ſtars 
8 The manner of obſerving diſtances of the O and ), and) and ſtars 12 
8 A table to convert time into degrees and minutes, and the contraiy 
9 Of the Method of determining the Longitude at Sea : 
10 'The Method of obtaining the time of an obſervation ; and of computing the Al- 
De titude of. the Sun, Moon and Star - 
a7 A Table of the ri. aſcen: and declin. of Stars; hof domputed diſtances are in the 
- Eph. and to find the angle of time, &c. to p. 14. 
e Three general Rules for finding the true diſt. from the apparent Aigünke obſerved. 
_- © Having found the difference of Azimuth, by Rule 1, corre the Zenith diſtances. 
Thus, to: the apparent Z. D. of the Sus, add the ref. as by tab. p. 27, and the 
— ſum will be the Sun's true Z. Diſtance. 
From the -Þ 's apparent Z. D. take the difference ben the Parallax of Moo n's 
Alt. and the. Refraction of that Alt. the diff. will be the true (Z. D.) Zenith 
Diſtance of the Moon ;, then work by Rule 2 and z, and note the Remarks. 
15, 16, and 17, Contains two Obſervations, computed, and the Long. determined, 
18 A ſecond Method, by two Canons, 19 Dunthorne's and Lyon's Methods 
zo A fifth Method. 21, 22, A Table to Znd the Longitude by the difference between 
the obſerved Diſtance and that by the Ephemeris. 


VS 4 2 FA 24s and 2c, Of Refraction. 26 A Table. | A Table of Refraction, and æ Ta- 
: dle of the Minutes to be added Auen * obſerved: Altitudes to get the 
true Altitudes, - 10 15 EY 3 111 $33 #35 + hes a 270 129 


28 Of the Parallax of the Moon, Planets, 8 


5 29,5 30 A Table of the Moon's Parallax of Altitude, 
TORIES - VOM 3 | 
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